As is known, rubbers compounds are multicomponent systems; they contain different ingredients depending on the designation of the article and the requirements laid down for it. Giving the composite the required combination of properties, these components may affect the service properties. In this connection it was of interest to study the effect of ingredients of the vulcanising group on the process of vulcanisation of acrylate rubber with reactive functional groups.
The investigation was conducted on acrylate rubber with a combination of chlorine-containing and carboxyl reactive functional groups, by the vulcanisation of which with alkali metal stearate and quaternary ammonium salt (QAS) it is possible to produce rubber compounds with a balanced combination of properties without aftervulcanisation.
The rubber mixes investigated contained 2-6 parts sodium stearate, 0.5-2.0 parts QAS, 60 parts P514 carbon black, and 2.0 parts stearic acid. To improve the distribution in the mix, QAS was introduced in a polymer-based composite with pH 8.0-10.0.
Rubber mixes were prepared by the procedure given in reference [2] . The rubber mixes were vulcanised on a hydraulic press at temperatures of 140 ± 2 °C, 160 ± 2 °C, and 180 ± 2 °C.
To assess the properties of the rubber compounds, the vulcanisation parameters were determined on a Monsanto rheometer according to GOST 12535-84, the physicomechanical characteristics of the rubber compounds were determined by standard procedures, and the degree of crosslinking of the vulcanisates was calculated on the basis of the kinetic theory of high elasticity [3] . The results obtained are given in Table 1 .
From the data presented in Table 1 it can be seen that, with increase in the proportion of sodium stearate from 2.0 to 6.0 parts, there is an increase in the nominal stress under 100% elongation (with 1.0-2.0 parts QAS). However, from the change in the degree of crosslinking per unit volume of the vulcanisate it can be seen that in this case there is a reduction in the concentration of effective points of intermolecular crosslinking.
It is known that, for the vulcanisation of ARs with functional vulcanisation-active groups, use is made of a vulcanising system based on sodium stearate and vulcanisation activator QAS in which the role of the activator reduces to the formation of complexes with a low activation energy of vulcanisation [4] . The mechanism of the process of vulcanisation of ARs using sodium stearate and QAS has hardly been studied.
We have proposed a mechanism of vulcanisation of acrylate rubber with a combination of chlorine-containing and carboxyl reactive functional groups by a system consisting of sodium stearate and QAS. The vulcanisation reaction probably proceeds in several stages:
Here, reaction (1) is the formation of a carboxylate ion in a group combined with a rubber molecule; reaction (2) is the formation of a quaternary ammonium base (QAB) by the breakdown of QAS under the action of an alkaline medium; reaction (3) is the reaction of a carboxylate ion with a chlorine-containing group combined with a rubber molecule, with crosslink formation. However, in view of the fact that a carboxyl group is a weak nucleophilic agent (the charge is delocalised), alkylation of a carboxylate ion by a
proceeds at low speed. The role of the QAS in the given case reduces to activation of the group
which facilitates crosslinking and accelerates it.
From the data given in Table 1 it can be seen that, in the entire concentration range studied, QAS can act not only as a vulcanisation activator but also as a vulcanising agent, and here the greatest effect is observed with a sodium stearate content of 2.0-3.0 parts. It can be assumed that, with 1.0-2.0 parts QAS, besides reaction (1), the following reactions occur: the formation of a In this context it was of interest to study the effect of QAS as vulcanising agent on the properties of rubber compounds based on acrylate rubber with a content in the vulcanising group of 2.0 parts sodium stearate.
The results obtained in studying the kinetics of vulcanisation of AR on a Monsanto rheometer confi rmed the role of QAS as vulcanising agent and showed the considerable effect of the amount of QAS on the time to start of vulcanisation and the duration of the vulcanisation process ( Table 2) .
Study of the effect of QAS on the kinetics of vulcanisation of AR showed that, with increase in the vulcanisation temperature (from 160 ± 2 °C to 180 ± 2 °C), there is a considerable reduction in the induction period and increase in the vulcanisation rate. This is probably connected with overcoming of the activation energy barrier of QAB formation (2) with increase in the vulcanisation temperature to 180 °C. This assumption is borne out by the increase in the rate constant of the vulcanisation process, which, as can be seen from Figure 1 , is roughly doubled with increase in temperature from 160 to 180 °C.
With increase in the QAS in the rubber mixes there is an increase in the rate constant of vulcanisation, and with increase in the process temperature from 160 to 180 °C there is a sudden change in the rate constant.
Investigation of the physicomechanical properties of the vulcanisates (Table 3) showed that, at vulcanisation temperatures of 140 and 160 °C, with increase in the QAS content there is an increase in the nominal equilibrium modulus and tear strength and a reduction in the breaking elongation, which indicates an increase in the degree of crosslinking. However, at a vulcanisation temperature of 180 °C, with increase in the proportion of QAS there is an increase in the nominal equilibrium modulus and a reduction in the breaking elongation and tear strength. Since the tear strength depends on the density and uniformity of distribution of crosslinks, it can be assumed that this index is dependent on the time to start of vulcanisation of the rubber mixes. With a duration of the induction period of less than 1.0-1.5 min (see Tables 2 and 3 ), the components of the vulcanising system are unable to be distributed suffi ciently evenly throughout the rubber mix and ensure the formation of a uniform three-dimensional structure of the vulcanisate.
With 0.5-1.0 parts QAS (the QAS acts as a vulcanisation activator), in the entire temperature range studied there is a certain reduction in the nominal stress under 100% elongation, which seems to be due to the more even distribution of crosslinks formed with the help of sodium stearate. Increase in the modulus with a QAS content of 1.25-2.0 parts (the QAS acts as a vulcanising agent) appears to be connected with the formation of additional crosslinks.
Thus, it has been shown that the use of a vulcanising system consisting of sodium stearate (2.0 parts) and QAS (1.25-2.00 parts) makes it possible to produce rubber compounds based on AR with a fairly high crosslink density. The best properties are achieved when 1.75 parts QAS is introduced and when the vulcanisation process is carried out at a temperature of 160 ± 2 °C. 140 ± 2 9.0 9.8 10.7 11.5 12. 
